Introduction: External hemipelvectomy is one of the most extensive surgical procedures
| INTRODUCTION
Five to 15% of primary bone and soft tissue sarcomas occur in the pelvic area (Aboulafia & Malawer, 1993; Abudu, Grimer, Cannon, Carter, & Sneath, 1997; Chang, Fortin, Oates, & Lewis, 2008) .
Hemipelvectomy is an effective but highly invasive treatment for primary or metastatic pelvic bone and soft tissue tumors (Douglass, Razack, & Holyoke, 1975; Higinbotham, Marcove, & Casson, 1966; Karakousis, Emrich, & Driscoll, 1989; Miller, 1974) . Hemipelvectomy is divided into internal hemipelvectomy, which preserves the lower limb, and external hemipelvectomy, which involves amputation of the lower limb. Wound complications frequently occur in hemipelvectomy due to the exposure of pelvic organs and major blood vessels (Evans, Goldberg, & Ames, 1996; Kraybill, Standifird, & Johnson, 1992) .
The wound morbidity rate is approximately 40%, and many patients require long-term postoperative wound care (Apffelstaedt et al., 1996; Senchenkov et al., 2008) . Therefore, the aim of reconstruction after external hemipelvectomy is to provide secure wound closure and durable coverage of the stump.
To date, the reported methods of wound coverage after external hemipelvectomy include the posterior hemipelvectomy flap, anterior hemipelvectomy flap, and total thigh fillet flap (Ross et al., 1998; Senchenkov et al., 2009 ). However, these options are frequently exhausted in recurrent cases, and coverage with a pedicled or free flap transfer becomes necessary. We prefer the free latissimus dorsi myocutaneous (LDMC) flap transfer for such complicated cases. Herein, we report the surgical details and outcomes of free LDMC flap transfer after external hemipelvectomy for recurrent pelvic malignancies.
| PATIENTS AND METHODS
We performed external hemipelvectomy and immediate soft tissue reconstruction using free LDMC flap transfer for 6 consecutive patients (3 men and 3 women) with recurrent pelvic malignancies treated at the National Cancer Center between November 2012 and June 2017. Detailed patient information is provided in Table 1 . The mean age of the patients was 65 years (range: 63-69 years). The primary tumors were myxoid liposarcoma (n = 2), chondrosarcoma (n = 1), osteosarcoma (n = 1), squamous cell carcinoma (n = 1), and pleomorphic liposarcoma (n = 1). Three patients had a history of radiotherapy (mean dose, 66 Gy) and one patient had a history of chemotherapy (doxorubicin and ifosfamide).
| Surgical technique
A free LDMC flap was harvested from the ipsilateral back in the lateral decubitus position. The thoracodorsal vessels were dissected to the level of the subscapular vessels to obtain a long vascular pedicle. In addition, the circumflex scapular vessels were harvested, allowing for a flow-through anastomosis. The thoracodorsal nerve was also incorporated into the flap, allowing for a functional muscle transfer. The harvested latissimus dorsi muscle (LDM) was sutured to the remaining abdominal wall. The contralateral deep inferior epigastric vessels were dissected as recipient vessels through the defect wound or an auxiliary incision. When the vascular pedicle could reach the recipient vessels with ease, flow-through anastomosis was performed to retain an ipsilateral rectus abdominis musculocutaneous (RAMC) flap as an option. Otherwise, end-to-end anastomosis was performed. When an intercostal nerve was found at the recipient site, the thoracodorsal nerve was coaptated with the intercostal nerve to reinnervate the LDM (Figure 1 ).
The extent of the bone resection was divided into 3 types based on the previous literature (Senchenkov et al., 2009 ). In standard hemipelvectomy, the bone was resected anteriorly at the pubic symphysis and posteriorly at the sacroiliac joint. In extended hemipelvectomy, the bone was resected anteriorly at the pubic symphysis and posteriorly over the sacroiliac joint. In modified hemipelvectomy, the bone was resected anteriorly at the pubic symphysis and posteriorly at the middle of the ilium.
| RESULTS
The mean size of the skin paddle was 22 × 10.6 cm (range:
20 × 8-27 × 13.5 cm), and 3 patients required skin grafts for the donor site. Modified hemipelvectomy was performed in 3 patients, The postoperative course was uneventful, and the patient was discharged on postoperative day 42. At 11 months after surgery, the patient was alive, with no evidence of recurrence ( Figure 5 ). Hemipelvectomy hernia was not observed, and the patient was able to move using a wheelchair.
| Case 2
A 67-year-old woman presented with recurrent chondrosarcoma of the pelvis. Right external hemipelvectomy was performed, first in the lithotomy position and then in the decubitus position. The abdominal organs could be isolated from the tumor. The bone was resected anteriorly at the pubic symphysis and posteriorly at the line of right S2-S4 nerve roots.
The LDMC flap was harvested as a 19 × 13 cm skin paddle from the right back. The donor site was closed with split thickness skin graft. The flap vessels were anastomosed to the left deep inferior epigastric vessels in a flow-through fashion for both the artery and vein (Figure 2 ). The thoracodorsal nerve of the flap was also coaptated with the right intercostal nerve. After microvascular anastomosis, the LDM was sutured to the remaining abdominal wall (Figure 6 ).
The postoperative course was uneventful, and the patient was discharged on postoperative day 41. At 1 year after surgery, the patient was alive, with no evidence of recurrence. Hemipelvectomy hernia was not observed, and the patient was able to move using a wheelchair ( Figure 7 ).
| DISCUSSION
In recurrent pelvic malignancies, patients often have had multiple surgeries, chemotherapy, and radiotherapy; thus, the rate of wound complications is high (Lotze & Sugarbaker, 1985) . To avoid complications, it is essential to cover the defect using well-vascularized tissues.
However, the tumors frequently expand close to the skin. Thus, the extent of tumor resection can be broad, which frequently creates difficulties in achieving an easy closure using a local flap (Schuitema, Mathijssen, & Mureau, 2010) . In this report, we showed the reliability of free LDMC flap for reconstruction after external hemipelvectomy when coverage of the stump with local tissues is impossible.
The indication of the free LDMC flap is that the defect size after external hemipelvectomy is too large to close the defect primarily or using local flap. The reasons for the use of free LDMC flap include the size of the area that can be covered, the stability of circulation, and the ease of elevation (Kim et al., 2013) . In addition, there is no damage to the remaining abdominal wall. A fillet flap taken from the amputated limb is also a versatile reconstructive option in select patients (Kraybill, Standiford, & Johnson, 1992) ; however, this flap was not
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The latissimus dorsi muscle was sutured to reconstruct the abdominal wall available in our patients because of limb ischemia or tumor invasion.
Furthermore, given the frequency of wound complications, an artificial material, such as mesh, is not preferred (Peacock, 1984) . The contralateral RAMC flap represents an important option for complicated hemipelvectomy wounds (de Haas et al., 1995) ; however, the cover- Frequently, recipient vessels with an appropriate diameter are not available near the defect. The intraabdominal vessels are not suitable for anastomosis in lower abdomen because the location is deep and moved intraoperatively and postoperatively (Yamamoto et al., 1998) .
Previous studies have reported the use of the superior or inferior gluteal vessels or the radial vessels (Harris, Lewis, Nagle, Edelson, & Kim, 1988; O'Brien, Barton, & Pribaz, 1987 ). In the current study, the gluteal vessels were not available because of proximal ligation; thus, we used the contralateral deep inferior epigastric vessels as recipient vessels in all patients. With the patient in the lateral decubitus position, the contralateral deep inferior epigastric vessels lie deep in the surgical field; therefore, the microvascular anastomosis requires long forceps and needle holders. One objection to the use of the contralateral deep inferior epigastric vessels is that it can preclude the future use of the ipsilateral RAMC flap. We, therefore, performed flowthrough anastomosis for both the artery and vein, when possible, to retain the ipsilateral RAMC flap as a salvage option. This is another advantage of using the LDMC flap, as the subscapular-thoracodorsal system has many sizable branches and it is easy to achieve flap flow through (Miyamoto, Fujiki, & Sakuraba, 2015) .
The efficacy of functional muscle transfer in abdominal wall reconstruction is still controversial (Mackinnon, Novak, Myckatyn, & Tung, 2005; Malalasekera, Beneragama, Kanesu, Sahathevan, & Jayasekara, 2016) ; however, we performed thoracodorsal nerveintercostal nerve coaptation in 2 patients. The postoperative complication has reduced in 2 patients underwent nerve coaptation.
Reinnervation of the LDM has the possibility to prevent postoperative atrophy and restore the structural integrity of the abdominal wall (Sobotka & Mu, 2013 ). Although we did not perform an electromyographical evaluation, the voluntary contraction of the LDM was palpable in nerve coaptation group. The thickness of transferred LDM in a year postoperatively was measured using computed tomography images, and it was 2-3 mm in nerve coaptation group whereas it was almost unidentified in no coaptation group. Functional muscle transfer could be considered as an option when the stump of the intercostal nerve is available near the defect.
Although it is challenging to do reconstruction after external hemipelvectomy, a free LDMC flap is thought to be a useful option.
Technical tips for selecting anastomosis vessels are important. Patient repositioning during surgery is usually necessary. Intraperitoneal and urological approaches can become necessary, depending on the extent of the disease. A multidisciplinary approach from the preoperative stage is mandatory to achieve good results.
| CONCLUSION
Although it is challenging to do reconstruction after external hemipel- 
